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1. Introduction

In the updated TS36.889 [1], the design targets of LAA system are listed, including

· A single global solution framework allowing compliance with any regional regulatory requirements.
· Effective and fair coexistence with Wi-Fi.

· Effective and fair coexistence among LAA networks deployed by different operators
Based on the design targets, at least the following functionalities are required for an LAA system [1]:
· Listen-before-talk (Clear channel assessment)
· Discontinuous transmission on a carrier with limited maximum transmission duration

· Dynamic frequency selection for radar avoidance in certain bands/regions

· Carrier selection

· Transmit Power Control

In RAN1#79 meeting [2], the following agreements had been made.

· DL LAA design should assume subframe boundary alignment according to the Rel-12 CA timing relationships  across serving cells aggregated by CA 
· At least for LBE, some signal(s) can be transmitted by eNB between the time eNB is permitted to transmit and the start of data transmission at least to reserve the channel
· This does not imply the data transmission can start only at the subframe boundary

· Possible restriction on starting position of data transmission can be considered
· The duration of this signals(s) is part of the maximum transmission duration

· The content/additional function/duration of this signal is FFS

· This does not imply network synchronization

  In this contribution, we propose the channel access schemes for DL LAA, especially focusing on the prevention of hidden node problems and spectrum efficiency issues encountered in the DL access on unlicensed band. 
    UE assisted channel awareness report can improve the accuracy of channel evaluation at LAA-eNB. In this contribution, functions and roles of carrier selection and LBT are specified for channel access interaction between LAA-UE and LAA-eNB. Mechanisms of channel awareness and reports at LAA-UE over licensed band and unlicensed band respectively are analysed and compared in terms of timeliness and effectiveness.
    To avoid hidden node problems as well as increase spectrum reuse in unlicensed band. Channel status report over unlicensed band accompanying with reservation signal transmission is proposed to facilitate LAA-eNB performing more effective LBT assessment.  
2. Potential Issues of DL LAA
1.1. Hidden Node (Terminal) Problems

    In the case of same operator working on unlicensed band, planned network deployment is possible for inter-cell interference mitigation. Nevertheless, LAA coexistence requirement in [1] includes the joint operation between LAA and WiFi and also LAA networks deployed by different operators. Without well-coordinated network, inter-operator interference caused by simultaneous transmissions on the same carrier without considering the location of other operator’s UEs can be envisioned.
    For DL LAA, the function of LBT at the LAA-eNB side is mandatory before LAA transmission, however, it doesn’t guarantee that each serving UE can therefore immune from receiving other interference signals from nearby LAA-eNBs. Since it is possible that the LAA-eNB doesn’t aware the existence of UEs under its coverage which is belonging to other operator’s LAA-eNBs whom it cannot detect, i.e., the hidden node problem as indicated in the contention region of Fig.1. To be specific, LAA-eNB1 impose interference on non-served UEs which belongs to LAA-eNB2, even though performing LBT in advance on unlicensed bands. 
1.2. Unlicensed spectrum reuse 

    In Fig.1, on the other hand, the contention free region could covers larger area than the contention region. If the assigned carrier over contention region can be carefully specified (other than the used carrier in the contention free region) after channel contention process, then these contention free regions can share the same carrier, which improves the unlicensed spectrum efficiency enormously.  In more detail, if C1 and C2 are available carriers for selection over unlicensed band. UEs under non-overlap (contention free) region can share the same carrier, for example C1, and the UE located in the overlap (contention) region could use the other carrier C2 after the contention process. That is, in the overlap region, whether UEs belong to LAA-eNB1 or LAA-eNB2 occupies C2 carrier depends on the result of contention process.
    Above mentioned problem of hidden node and spectrum reuse can be addressed via UE report. In the following UE assisted schemes to facilitate the decision of channel selection and LBT at the eNB is proposed.
Observation 1:
     The effects of hidden node problem and spectrum reuse issue which impact DL receiving quality and spectrum efficiency respectively over unlicensed spectrum should be carefully evaluated in the design of LAA DL channel selection. UE-assisted channel selection could address the problem of hidden node issue and also improve the spectrum efficiency over unlicensed spectrum.
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Figure 1. Potential Problems for DL LAA 
3. Solutions to hidden node and spectrum reuse problem
    Two possible solutions relying on UE assisted channel awareness are proposed. The report signal or message could be carried on licensed band or unlicensed band, which are discussed respectively in the following sections.
1.3. UE assisted channel status report over licensed band 

    In this case, LAA capable UEs under the coverage of LAA-eNB firstly performs carrier channel measurements over unlicensed band, then reports the measurement results to LAA-eNB via licensed spectrum. The channel availability information can be either derived from receiving other eNB’s licensed carrier which indicates the utilization or occupied channel carrier on the unlicensed band or directly detects the signal strength or reservation signal on the unlicensed band.  Based on the collected measurement information from serving LAA-UEs, LAA-eNB selects proper carrier to perform LBT operation, if more than one free carriers are available, LAA-eNB may select different carriers for different group of UEs and schedules corresponding DL resource on each carrier. In view of uplink singling overhead, LAA-UE may select the carrier and report to the LAA-eNB. If no free channel is available, LAA-eNB may put off current transmission and continue to request reporting procedure for next transmission opportunity. 
    Channel status report over licensed band has its own essential drawbacks. Since the time spent during reporting period is not negligible, the collected reports at LAA-eNB may not reflect the actual channel condition at the time when LAA-eNB performing LBT. Furthermore, the available channel carriers claimed at the UE side may turn out to be invalid if it is seized by other LAA-eNBs during the reporting process, as a result, the effort of LBT assessment at the LAA-eNB would be in vain. 
Observation2:    

     UE channel status report over licensed band is always out-of-date, and cannot reflect the actual channel condition at the time when LAA-eNB performing LBT. Hence collisions with other nodes cannot be avoided on the claimed free channels. Unlicensed band based channel status report along with channel reservation signal can be used for avoiding hidden node problem in view of timeliness and effectiveness of the reported channel information.
1.4. UE assisted channel status report over unlicensed band 

    An alternative approach utilizing unlicensed spectrum for channel status awareness report is proposed to address the concern of timeliness with respect to licensed band based measurement report.
    In order to prevent other LAA-eNBs trying to fetch the available channels which had been detected at the UE, UE can insert reservation signal immediately for announcing the occupation of that channel temporally. This kind of signal can be referred to the signals for reserving channel which had been agreed in RAN1#79. In this case, the entity responds for transmitting reservation signal is the UE performing carrier detection, rather than the LAA-eNB who performs LBT. When the serving LAA-eNB finds channels have been occupied by reservation signals which are transmitted from its own UEs, it can then select an appropriate channel and performs LBT accordingly. 
    The format of available channel indicated in the reservation signal can be sequence based scheme or message based scheme. For sequence based scheme, different sequence type can be adopted for further indicating the quality level of measurement results on corresponding occupied channel. The content of the quality level embedded in the reservation signal can help LAA-eNB to decide which carrier to be selected before doing LBT. In view of signalling overhead at multiple carries if multiple channels are available, cross carrier measurement report could be an option, i.e., only one of available carriers responds for carrying report information for other carriers. 
    Operation of LBT at LAA-eNB in this case can be somewhat different to the licensed based scheme. LAA-eNB can perform LBT based on the detection of reservation signal transmitted from UE, if the signal detected with receiving power higher than a given threshold, then LAA-eNB can assume that the channel is only dominated by the reservation signal without additional interference received at the LAA-eNB side. After DL unlicensed scheduling information is received at UE via PDCCH, the reservation signal can be released accordingly.
    To sum up, the operation procedure of unlicensed based channel status report includes.

· Step 1: LAA-eNB trigger LAA capable UEs to do channel availability awareness if they are involved in unlicensed spectrum DL access.
· Step 2: LAA-UEs derive the information of unlicensed carrier utilization of other LAA-eNBs either by observing their unlicensed spectrum planning over licensed band (ex. broadcasted information (SIB) or unlicensed band scheduling information) or directly measure the signal strength or reservation signal on the unlicensed band.
· Step 3: If available channels are detected, UE insert reservation signal on the corresponding carrier as soon as possible.
· Step 4: When LAA-eNB detect some carriers are occupied with reservation signals which is transmitted from its own serving LAA-UEs, then pick up a proper carrier for LBT.
· Step 5: LBT assessment at the LAA-eNB could rely on the measurement over these reservation signals.
· Step 6: LAA-eNB schedules resource on the selected carrier after LBT success.
· Step7: LAA-UE ceases transmission of reservation signal when it receives DL schedule information or timer expired.
Here, the function of UE-initiated channel reservation signal can be manifold.
1. Temporary available channel reservation for LAA-eNB performing channel selection and LBT. 
2. Implicit available channels report for LAA-eNB performing channel selection.
3. Carry additional channel status related information, such as channel quality level of the reserved channel.

4. Can be used as a reference signal for LBT assessment at LAA-eNB.  
1.5. Others 

    Apart from the above two report schemes, i.e., either via licensed band or via unlicensed band. Another alternative report scheme which involves both licensed and unlicensed band can be considered. The difference is that unlicensed band only serves for available channel reservation, while other information such as quality levels or traffic format detected are carried on the licensed band. 
    In view of signalling overhead of channel status report, LAA-eNB can configure some of the LAA-UEs responding for reporting. For example, in Fig.1, only UEs located in the overlap region where occupied channel can be detected respond for channel status report while UEs located in the contention free region don’t. 
Observation 3:    

   UE-assisted channel selection scheme should also consider reporting overheads. Selective UE report can reduce UE overhead on signalling.
Proposal 1: 

  At least for LBE, some signal(s) can be transmitted by eNB or UE between the time eNB is permitted to transmit and the start of data transmission at least to reserve the channel.
1. Conclusion
    The comparisons of licensed and unlicensed based report scheme are summarized in the following table.

	DL LAA Channel Access Scheme
	Only LAA-eNB Control
	UE-assisted DL LAA with licensed-band based report
	UE-assisted DL LAA with unlicensed-band based report

	FEATURE
	Without channel status report (directly perform channel selection and LBT)
	Explicit channel status report on licensed band
	Implicit channel status report with  channel reservation signal on unlicensed band

	ADVANTAGE
	Without additional feedback overhead
	1. Prevent hidden node

2. Improve Spectrum efficiency

3. Channel status report using existing feedback channel.
	1. Prevent hidden node

2. Improve Spectrum efficiency

3. Instant channel status report and reserve channel for LAA-eNB to do channel selection and LBT

	DISADVANTAGE
	1. Hidden node problem incurred

2. Bad channel reuse 
	1. Signalling overhead.

2.  Need longer time to report channel status, i.e., out-of-date free channels claim
	1. Signalling overhead

	POTENTIAL IMPROVEMENT
	Retransmission or MCS adjustment
	Selective UE feedback for reducing overhead
	Selective UE feedback for reducing overhead


Observation 1:
     The effects of hidden node problem and spectrum reuse issue which impact DL receiving quality and spectrum efficiency respectively over unlicensed spectrum should be carefully evaluated in the design of LAA DL channel selection. UE-assisted channel selection could address the problem of hidden node issue and also improve the spectrum efficiency over unlicensed spectrum.
Observation2:    

     UE channel status report over licensed band is always out-of-date, and cannot reflect the actual channel condition at the time when LAA-eNB performing LBT. Hence collisions with other nodes cannot be avoided on the claimed free channels. Unlicensed band based channel status report along with channel reservation signal can be used for avoiding hidden node problem in view of timeliness and effectiveness of the reported channel information.
Observation 3:    

   UE-assisted channel selection scheme should also consider reporting overheads. Selective UE report can reduce UE overhead on signalling.
Proposal 1: 
  At least for LBE, some signal(s) can be transmitted by eNB or UE between the time eNB is permitted to transmit and the start of data transmission at least to reserve the channel.
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